One hundred and twenty-four specimens of the harbour porpoise, Phocoena phocoena, occurring in inner Danish waters (IDW), the North Sea and West Greenland were analysed to study subdivision into genetically differentiated subpopulations using PCR-amplifled DNA-microsatellites and isozyme markers. Three polymorphic microsatellites, 415/416, 41 7/418 and Igf-I (insulin-like growth factor I) were detected with nine, eight and 15 alleles, respectively, and from a former study two polymorphic isozymes, Mpi-1 and Pgm, with three and two alleles, respectively, were used in the analysis. Overall deviations from the expected Hardy-Weinberg distribution were only observed in the total sample and at a single locus in the North Sea-summer sample and at two loci in the West Greenland sample. Whenever this occurred a surplus of homozygotes was observed, suggesting a Wahlund effect, a null allele or nonrandom mating. The analysis of the genetical population structure showed that harbour porpoises from West Greenland, the North Sea and IDW were three geographically, genetically differentiated populations even though connected through some degree of gene flow. A tendency for females to be more stationary than males was suggested. Furthermore, the population structure suggested a closer relationship between IDW and the North Sea.
Introduction
Three geographically isolated populations of the harbour porpoise, Phocoena phocoena, are found in the Northern Pacific, Black Sea, and North Atlantic, respectively (Gaskin, 1984) . A growing concern about the health of the harbour porpoise populations in the North-east Atlantic is accentuated by the apparently high incidental mortality of porpoises and by the lack of knowledge about the impact this may cause on the populations (NMFS, 1992) . In the evaluation of the potential impact it is of great importance to identify population structure. Studies *corresponding author. E-mail: lotte@pop.bio.aau.dk on the intraspecific variation of the harbour porpoise traditionally applied skeletal information such as skull measurements and nonmetric characters (Kinze, 1985; Yurick & Gaskin, 1987) . Gaskin (1984) suggested separate North Sea and Baltic subpopulations, whereas Kinze (1985) found significant differences between, on one side, Danish, North Sea and Baltic samples, and Dutch North Sea samples on the other side, and subsequently differences between inner Danish waters (IDW) and Skagerrak and North Sea individuals (Kinze, 1990 ).
The only analysis at present available on the genetical population structure of the Danish harbour porpoise is that of Andersen (1993) , which was based on isozyme data. This study showed that the 270 genotypic distribution of the total sample was influenced by locality and seasonal effects. The sample was then divided into two subpopulations, the IDW which was composed of individuals from Kattegat, the Belts and Baltic Sea, and the North Sea. The result of a genotypically based comparison between IDW and the North Sea showed significant differences which could indicate two genetically differentiated subpopulations.
As indicated in other studies of cetaceans like the pilot whale, Globicephala melas Andersen & Siegismund, 1994) , and the sperm whale, Physeter macrocephalus (Whitehead, 1987) , very often a sex-related migration takes place. In pilot whales males migrate between schools and in sperm whales big bulls move from one school to the next during the mating season. The question is whether a similar sex-related migration pattern can be found in the harbour porpoise. The present study concerns the subdivision into genetically differentiated subpopulations and the processes influencing this subdivision of the harbour porpoise occurring in IDW, the North Sea, and West Greenland based on information obtained from the combination of DNA-microsatellites and isozymes.
Materials and methods
Muscle tissue from 124 stranded and incidentally caught harbour porpoises was used from three supposed populations, West Greenland, IDW and the North Sea. All individuals in the West Greenland sample, the North Sea sample, and most of the individuals in the IDW sample were analysed in Andersen (1993) . The 33 North Sea specimens were collected from August 1980 to January 1981 by Clausen & Andersen (1988) , and the 53 IDW specimens were collected from 1986 to 1991 by C. C. Kinze and H. H. Dietz (the latter of the National Veterinary Laboratory, Arhus, Denmark). The 38 specimens from West Greenland were collected at Manitsoq in 1989 by C. C. Kinze and represent only summer individuals.
Individuals collected primarily in the summer season from April to September which includes the breeding season were chosen for the analysis. This was a result of a hierarchical contingency table analysis of the effects of sampling period, locality and season on the genotypic distribution made by Andersen (1993) . Mating takes place in July to August (Sørensen & Kinze, 1994) , which might also explain the seasonal effect and supports the selection of summer individuals to represent a subpopulation.
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DNA-extraction
DNA was extracted from muscle tissue using 500 jiL grinding buffer (150 mt NaC1, 50 mi Tris/HCI, 2 mi EDTA, 0.5 per cent SDS pH = 8.0), 10-20 pL Proteinase K (10 mg/mL) per sample and incubated overnight at 37°C. The homogenate was extracted once with 500 pL neutralized phenol (pH 8.0), once with 500 pL neutralized phenol/chloroformisoamyl alcohol (24:24:1) and once with 500 tL chloroform-isoamyl alcohol (24:1). 50 uL 3.0 M NaAc (pH = 5.2) and 50 pL 5.0 M NaCI were added before DNA was precipitated with ethanol and dissolved in TE-buffer. DNA concentration was determined optically at 260 nm.
PCR-amp/ification of microsate//ites
Three microsatellite primer pairs were used. One is flanking the simple sequence locus 415/416 and another is flanking locus 4171418 described by Schlötterer et aL (1991) and Amos et a!. (1993) , respectively. The third is situated in the promoter region of the insulin-like growth factor I (Igf-I) in pigs and cattle (Kirkpatrick, 1992 
Isozymes
The method used was horizontal starch gel electrophoresis described in Andersen (1993) and the results from this former study are included in the present one. As a result of new statistical methods for analysing population genetical problems, the two polymorphic loci, Mpi-1 and Pgm, were reanalysed and the third observed rare allele at the Mpi-1 locus included.
Statistical analysis
As DNA-microsatellite loci are highly polymorphic, containing a high number of alleles, the problem of rare genotypes arises in the analysis of goodness of fit to the Hardy-Weinberg proportions and of possible geographical differentiation in the harbour porpoise. One way to overcome such a problem is a test for deviations from Hardy-Weinberg expectations by constructing a Markov chain using the genotype counts having the same allelic counts as the observed sample and an equilibrium distribution matching the genotype probabilities under HardyWeinberg proportions (Guo & Thompson, 1992) . In order to obtain an unbiased estimation of the fit to Hardy-Weinberg proportions the Markov chain should not be started from the observed data. This can be overcome by starting the chain from the observed data and allowing it to run for a long time so the initial state will be forgotten. This process is called 'dememorization' (Guo & Thompson, 1992; Raymond & Rousset, 1995a) . The test was run for 1000 dememorizations, 300 batches, and 1000 iterations/batch. The P-value obtained is the sum of the probabilities with the same allele counts and which have the same or lower probability. According to Raymond & Rousset (1995a) this is Haldane's (1954) and Guo & Thompson's (1992) Hardy-Weinberg test. F1 is used to indicate the overall deviation from Hardy-Weinberg expectations, where F1 >0 indicates a deficiency of heterozygotes. The test for Hardy-Weinberg proportions is performed with the computer-package GENEPOP developed by Raymond & Rousset (1995a) . The expected allele frequency of the presumed null allele at the 415/416 locus in the samples where it could be the cause of the significant observed deficit of heterozygotes, is estimated using r = He -H0/1 +He (Brookfield, 1996) . r = estimated frequency of the null allele, H. = expected frequency of heterozygotes, H0 = observed frequency of heterozygotes.
The possible geographical differentiation was analysed by testing if the allelic composition was independent of population assignment to generate the expected x2 distribution if H0 was true for a given data set (Raymond & Rousset, 1995b) . This was also performed by using the GENEPOP program (Raymond & Rousset, 1995a) which gives an unbiased estimate of the P-value obtained by
Fisher's test on a R x C contingency table using a Markov chain method. Whenever a significant deviation from Hardy-Weinberg expectations was observed for one of the loci in the multilocus analysis of geographical differentiation, the genotype distribution of this particular locus was used in a contingency table analysis also based on a Markov chain method and run for 5000 dememorizations, 500 batches, and 5000 iterations/batch to obtain the test probability. The probabilities were then combined by Fisher's method (1970) for independent test results. Where multiple tests were run, the sequential Bonferroni procedure was applied (Rice, 1989) to give table-wide significance levels.
The geographical differentiation was also estimated from Wright's F-statistics (1951) . The FST over the three microsatellite loci and two allozyme loci was estimated using Weir & Cockerham's (1984) unbiased estimator, 0.
Based on the variation of the five polymorphic loci, we used the 'assignment test' of Paetkau et aL (1995) to assign individuals collected during summer periods, and which had been genotyped at all five loci. The assignment is carried out by multiplying the expected genotype frequencies according to Hardy-Weinberg across all loci. An individual is assigned to the population that has the highest likelihood of containing a member with the observed multilocus genotype. The procedure assumes linkage equilibrium among all loci.
Results
Three microsatellite loci and two polymorphic allozyme loci were identified in the three supposed Still no alleles from either of the loci have been sequenced so the study is based on the qualitative interpretations of the number of alleles from the obtained fluorograms. At the two polymorphic allozymes Mpi-1 and Pgm, three and two alleles were found as described by Andersen (1993) .
In Table 1 tests for Hardy-Weinberg expectations (Guo & Thompson, 1992) are shown for the harbour porpoise in Danish waters (North Sea and IDW) and West Greenland when they are divided into locality and season, and seasonal totals. After application of the sequential Bonferroni test on the seven overall probability tests a deficiency in heterozygotes was observed in the seasonal total. However, when considering single localities and a single locus, the 415/416 showed significant differences from HWE in North Sea-summer and West Greenland. In the North Sea this significance was caused by the male sample, while the significance disappeared when the W.Greenland sample was divided into sex. When dividing the IDW-summer sample into sex a weak significant deviation (P = 0.044) from Hardy-Weinberg expectations was observed in the female sample at the 415/416 locus. Significant deviation from Hardy-Weinberg proportions at the Igf-1 locus was observed in the West Greenland sample which was caused by the male sample. F15 was positive. Table 1 P-values for the goodness of fit of harbour porpoise populations to the Hardy -Weinberg expectations (Guo & Thompson, 1992; Raymond & Rousset, 1995a) 415/ F15, inbreeding coefficient indicating deviation from Hardy-Weinberg proportions. P combined = combined probability over all loci in the given sample or combination of samples (Fisher, 1970) , d.f. = 10. N, sample size. Table 2 Tests for allele frequency differences among North Sea, inner Danish waters and West Greenland harbour porpoise populations (Raymond & Rousset, 1995a (Raymond & Rousset, 1995b) . Highly significant deviations in allele frequencies were observed after application of the sequential Bonferroni test (Rice, 1989) The result of the 'assignment test' of Paetkau et al. (1995) is presented in Table 3 for individuals collected during summer periods. A total of 65 individuals (55 per cent) were assigned to the sampling area where they had been collected. For the IDW and North Sea areas, the largest fraction of individuals placed in another population was assigned to either the North Sea or the IDW, respectively, and a smaller fraction to the West Greenland area.
Discussion
The 415/416 and 417/418 microsatellite loci that Amos et a!. (1993) found to be polymorphic with six and three alleles, respectively, in the long-finned pilot whale, Globicephala melas, were also present in the harbour porpoise, Phocoena phocoena, but much were detected in this species. The Igf-I locus was also highly variable, with 15 alleles in total in the three supposed populations.
The tests for concordance with Hardy-Weinberg expectations showed no overall significant deviations after application of the sequential Bonferroni test (Table 1) (Andersen, 1993) . Here, the significant deviation from Hardy-Weinberg proportions was explained by a mixing of several subpopulations in the North Sea or nonrandom mating. The suggestion of mixing of several subpopulations was supported by the nature of the sampling of individuals in the North Sea, which represented a wide geographical area and therefore probably several breeding areas (Clausen & Andersen, 1988) . The deviation from HardyWeinberg proportions found in the West Greenland sample in the present study could also be explained by a mixing of several subpopulations or by inbreeding. The samples from West Greenland were collected from individuals taken in a direct hunt which is conducted by the Innuits for subsistence. sample is expected as this consists of the pooling of several populations, so the assumption concerning the estimation of the expected null allele frequency is again violated, and the most probable explanation for the deficiency of heterozygotes at the 415/416 locus is a mixing of several populations or nonrandom mating. The observed homogeneity in the IDW sample suggests that there is no detectable population structure in this sample, which could imply that the IDW sample is a relict of a Baltic Sea subpopulation.
To analyse the genetical population structure, tests for allele frequency differences between the three assumed harbour porpoise populations/subpopulations were conducted in a multilocus pairwise and three-way comparison (Table 2 ). In Andersen (1993) a seasonal effect was shown to influence the genotypic distribution at the Pgm locus, which corresponded well with the observation of a formerly described seasonal migration of harbour porpoises out of the Baltic into the North Sea in winter (MØhl-Hansen, 1954) . As a result of these observations and of the fact that harbour porpoises in Danish waters mate during July and August (Søren-sen & Kinze, 1994) , the geographical differentiation was tested among the summer samples, which is the best approach to get a true picture of the populations. A highly significant difference between the three summer samples was detected, which again strongly suggests the existence of three genetically different populations. A pairwise comparison between IDW, North Sea and West Greenland based on season and sex showed that the summer sample of the North Sea was geographically differentiated from the West Greenland sample and IDW-summer sample, and that IDW-summer was geographically differentiated from West Greenland. This differentiation is caused by the summer-male samples in the IDW and North Sea (P<0.01) which probably can be explained by more than one population in the North Sea. This is expected, but it was not possible to detect this differentiation in the allozyme study. The population structure was also analysed in terms of FST using the methods of Weir & Cockerham (1984) . The significant FST-value observed for IDW-summer-North Sea-summerWest Greenland underlines and supports the results of allele frequency differences, so we can conclude, on the basis of the present samples representing the three populations, that they are three genetically distinct populations, but with some degree of gene flow between them. In a study of the genetical population structure of the North Pacific harbour porpoise based on sequencing of the control region
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The result of the 'assignment test' (Table 3 ) also points to a genetic differentiation of the three sampling areas, and it furthermore suggests a closer relationship between the IDW-summer and North Sea-summer samples compared to IDW-summerWest Greenland and North Sea-summer--West
Greenland. In the present study 65 individuals out of 118 were assigned to the sampling area where they were collected which is very close to the result Paetkau et al. (1995) obtained in their study of the population structure of the Canadian polar bear.
They correctly assigned 65 out of 108 individuals to their respective populations, which were based on genotypes from eight microsatellite markers. This procedure by simply estimating an individual's genotype characteristics for the populations in question seems to be another good approach to use as an estimate for population differentiation (Paetkau et a!., 1995) . The analysis of the genetic population structure of the harbour porpoise in Danish waters and West Greenland based on three microsatellite loci and two allozyme loci gives a consistent picture that allows us to conclude that these three populations are geographically differentiated into three genetically distinct populations, with a closer relationship between the IDW-summer and North Sea-summer populations, and connected through a fairly high amount of gene flow. Females tend to return to the same breeding area every year, whereas males tend to stray more, returning to different breeding areas, at least in the North Sea. Males in IDW seem to return to the breeding areas in the IDW, which implies that the IDW sample represents a relict of a Baltic Sea population. The analysis of the West Greenland sample also suggested the existence of more than one population. To elucidate further these population structure indications more samples from different areas in the North Sea and from West Greenland should be analysed using DNAmicrosatellites.
